Objecti6e: Parsonnet proposed a preoperative score (''initial Parsonnet's score'', which predicts the hospital mortality of adult cardiac surgery. This score was then modified by including several risk factors used in the 'SUMMIT' system (''modified Parsonnet's score'', 44 variables). We wanted to assess the predictive value of these two scores in a French surgical population. Methods: From December 1992 to April 1993, in France, we organised a prospective multicentre study on adult cardiac surgery mortality and morbidity. Data on 6649 patients were included. We analysed statistically the predictive value of each risk factor and of the two scores on mortality and morbidity at one month. Results: Only 6 of the 15 variables of the initial Parsonnet's score and 19 of the 44 variables of the modified Parsonnet's score significantly influence hospital mortality. Both scores are able to predict hospital mortality and severe morbidity, but the modified Parsonnet's score has the best predictive value (initial Parsonnet's score: odds ratio by point of score =1.01, area under the roc curve = 0.64; modified Parsonnet's score: odds ratio by point of score =1.05, area under the roc curve =0.70). Conclusions: This study shows that the Parsonnet's scores are predictive, but that these scores remain imperfect: many risk factors are non significant, the initial Parsonnet's score has a moderate predictive value, and the modified Parsonnet's score is too complex (44 variables). Thus, we have built a new score for cardiac surgery in French adults. © 1997 Elsevier Science B.V.
Introduction
In 1989, Parsonnet proposed a preoperative score for adult cardiac surgery (''initial Parsonnet's score''). This score is simple, additive and grades the severity of illness of patients into five groups (Table 1 , [14] ). This useful score has been rapidly taken up by several cardiac surgery teams, and other authors have confirmed its predictive value on hospital mortality and morbidity [11, 15] . Two risk factors of the ''initial Parsonnet's score'' are however imprecise and their weights are arbitrarily chosen by the surgeon (catastrophic states, other rare circumstances, Table 1 ). Thus, the reliability of the initial Parsonnet's score decreases when these 2 risk factors are present. This original score was later modified, including thirty new risk factors according to the SUMMIT system [1, 6] . These 30 new risk factors take the place of the 2 imprecise risk factors of the initial score, and this new score is refered to as the ''modified Parsonnet's score'' ( Table 2) . A North American cardiac surgery population, operated on between 1982 and 1987, served to build the initial Parsonnet's score. We wanted to assess the predictive value of the different Parsonnet's scores and their risk factors on mortality and morbidity in a French population (Appendix A).
Methods
Under the auspices of the French Society of Cardiac and Thoracic Surgery, 42 French cardiac surgery teams participated in a prospective study on cardiac surgery mortality and morbidity, from December 1992 to April 1993 (42 of 66 surgical teams in France).
Data on 7181 patients have been collected. After validation of the data, 6649 of the 7181 observations could be included in the statistical analysis. Each surgeon collected data from their own patients: pre-existing risk factors before surgical procedure, nature of the intervention, duration of intensive care unit stay and overall postoperative stay, postoperative events, possible transfer to another hospital or death during the first postoperative month (108 variables). The mortality was defined as the mortality whatever its cause, occuring during the 30 immediate post-operative days. If the patient was no longer in hospital on this day, the status was obtained after inquiry to the general practitioner.
Regarding postoperative complications, a list of postoperative events was proposed (Table 3) . Postoperative events were divided into two groups for the statistical analysis: severe morbidity= death or occurrence of one serious postoperative event or two moderate events (Table 3) , moderate morbidity=no postoperative event or occurrence of only one moderate event or a benign post-operative event. For the statistical analysis, a 2 test evaluated the predictive value of each risk factor and the type of procedure on mortality. Then, the significant risk factors were grouped to perform a multivariate logistic regression on mortality. The variables with an odds ratio whose lower limit of the 95% confidence interval was superior to one were considered to be statistically associated with mortality independently from the others (Appendix A). The analysis of the scores was performed with a multivariate logistic regression and with the help of an ROC curve ( [4, 20] , Appendix A).
Results
The overall hospital mortality was 6.090.6% (95% CI) (400 deaths). This mortality also includes all emergency procedures. For coronary artery surgery it was 4.79 0.25% (95% CI), and for valvular surgery 6 9 0.9% (95% CI).
Significant risk factors and interventions after the univariate analysis are detailed in Table 4 . Variables still significant after the multivariate logistic regression are shown in Table 5 .
The two Parsonnet's scores are predictive of hospital mortality and/or severe morbidity ( Table 6 ). The predictive value of the modified Parsonnet's score is better than the initial Parsonnet's score: area under the ROC curve and odds ratio are significantly higher (cf Fig. 1 and Table 7 ).
Discussion
The overall mortality in this study may appear high but emergency surgery and surgery for severe diseases (like aortic dissection, pulmonary embolism, etc) are included.
The univariate analysis found no association between mortality and the following variables: -Female gender: several authors have found that female gender is a predictive risk factor for mortality [12, 14, 21] , but its predictive value was always low. -The risk factors 'aortic valve replacement' and 'left ventricularaortic pressure gradient\ 120 mmHg' did not increase mortality in this study. A left ventricle which is able to produce a gradient \ 120 mmHg has a good function, therefore the postoperative cardiac output of this heart will be good. Left ventricular and diastolic pressure and mean pulmonary artery pressure would have a better predictive value on hospital mortality for aortic valve surgery [19] . -The complication of catheterisation is not statistically associated with mortality. Perhaps due to the improvement of the treatment of this complication by cardiologists (stent, perfusion balloon) and surgeons [3] . -Several authors have noted that peripheral arterial disease and/or cerebrovascular disease increase postoperative mortality of cardiac surgery [8, 12, 21] . Carotid disease is not statistically associated with mortality in our study, in contrast to lower limb arterial disease and abdominal aortic aneurysm. Carotid stenoses are often operated on before or during cardiac surgery, whereas lower limb arterial diseases and abdominal aortic aneurysm are often 
AIDS, acquired immune deficit syndrome; CABG, coronary artery bypass graft.
treated after cardiac surgery. Thus, they can contribute to the postoperative complications. Also, the association of a carotid stenosis with lower limb arterial disease significantly increases the frequency of postoperative neurologic events after coronary artery bypass [17] . Thus, lower limb arterial disease seems to be a better predictive risk factor of the severity and the extent of atherosclerotic disease. -Asthma is not statistically associated with mortality, in contrast to chronic obstructive pulmonary disease.
Moreover, it is difficult to judge the severity of asthma, and serious asthma often evolves into chronic obstructive disease. -It is not possible to evaluate the relationship between some risk factors and hospital mortality because they are very rare in our study (cyanosis congenital heart disease, idiopathic thrombopenic purpura, severe neurological disease, Jehovah's witness, cancer, AIDS, Table 4 ). 22 risk factors are significant after the multivariate analysis (Table 5) : -Age is statistically associated with mortality for all authors and its high odds ratio in this study confirms its great significance [5,6,8,12 -14,21 ]. -The risk factor 'ejection fraction' is imperfect, because its value is modified by the type of measurement (catheterisation or scintigraphic measurement), or the conditions of measurement (cardiac arrhythmia, valvular diseases). However, this risk factor is predictive of mortality and is an objective assessment of left ventricular function. -Chronic renal failure is an important risk factor [5, 6, 8, 12, 14, 18] . Higgins [8] noted the higher mortality of patients with a serum creatinine above 19 mg/l. In our study the mortality rate is 5.9% for patients with normal renal function and reaches 18% when the serum creatinine is 20 mg/l or more. The risk factor 'chronic dialysis' is also statistically associated with mortality, probably due to the arterial disease which is present when dialysis is needed. -As Parsonnet [14] , we found that the risk factors 'reoperation' and 'coronary surgery at the time of valve surgery' significantly increase hospital mortality. -Many risk factors associated with emergency are statistically associated with a higher mortality ('unstable angina', 'myocardial infarction during the last 48 h', 'preoperative intubation', 'post-myocardial infarction septal defect', 'ventricular tachycardia or fibrillation', 'acute aortic dissection', 'pulmonary embolectomy'). Their odds ratios are high (Table 5 ). In the Parsonnet's, Higgin's, and O'Connors scores, emergency surgery is neither defined nor detailed [8, 12, 14] . Furthermore in the Parsonnet's score the weight of the risk factors 'catastrophic states and other rare circumstances' are decided by the surgeon. The level and the severity of emergency are subjective [22] . So, it will be better to use emergency risk factors well defined and with a predetermined weight. -Only one risk factor related to valvular surgery remains statistically associated with mortality: 'tricuspid surgery'. The two risk factors related to mitral surgery of the Parsonnet's score disappeared, probably because 'tricuspid surgery 'contains the information related to these two risk factors. Kirklin noted the importance of the risk factor 'tricuspid surgery' for mitral surgery mortality [9, 10] . -Like other authors [7] , we have found that coronary surgery with only venous grafts is statistically associated with a higher hospital mortality, whereas use of one or two internal mammary arteries significantly diminished hospital mortality. Is this fact correlated ferent (worse cases get a venous graft, better cases get an arterial graft, [23] )
The internal mammary flow is three times lower than a venous graft during the first postoperative week [2] internal mammary spasm is possible during the first postoperative days [17] . The benefit of internal mammary bypass therefore probably doesn't occur during the first postoperative month, but beyond. -'Cardiac insufficiency' is a hard risk factor to define, and its evaluation depends on the physician's examination. Also, it makes no distinction between acute cardiac insufficiency and the more severe chronic cardiac insufficiency. In spite of these deficiencies and the presence of the risk factor 'ejection fraction,', 'cardiac insufficiency' remains independently significant in our study.
Nine risk factors of the initial Parsonnet's score are non significant (Table 5 ). In the end, only half of the risk factors of the initial Parsonnet's score significantly predict mortality. Also, this score has only a moderate predictive value: its odds ratio is 1.01 for an increase of one point in the score (Table 6 ) and the area under the ROC curve is 0.64 (predictive value is usually defined as insufficient for an area between 0.5 and 0.7, cf Appendix A, Table 7 ).
to the selection of patients by the surgeon or to the nature of graft? Only a randomized study could answer this question. Some publications are in favor of patients selection by surgeons:
The two resulting populations are significantly dif- Table 6 Relationship between each Parsonnet's score and mortality and/or severe morbidity a Odds ratio (by point of Score 95% C.I. score) Initial Parsonnet's 1.00-1.02 1.01 score Modified Parsonnet's 1.05 1.04-1.06 score CI, confidence interval; a Two different logistic models including mortality as dependent variable with the score as an independent one (regression included 400 deads and 6249 alives, 30 days after operation). The modified Parsonnet score has a better predictive value: the odds ratio is 1.05 for an increase of one point in the score, its area under the ROC curve is significantly higher than the initial Parsonnet's score and above 0.7 (predictive value is usually defined as good for an area between 0.7 and 0.9, cf Appendix A, Table  7 ). However, data related to 44 variables are needed to use the modified Parsonnet's score, so its use is too complex. Moreover, 25 risk factors of the modified Parsonnet's score are non-significant and many risk factors relating to this score are subjective or not well defined (unstable angina, cardiac insufficiency, chronic obstructive pulmonary disease). These deficiencies limit the predictive value of this score and thus may hinder the use of this score as a predictor of mortality.
Conclusions
This multicentre study shows that the initial and modified Parsonnet's scores are predictive for hospital mortality and severe morbidity of cardiac surgery in French adults [16] . However, these scores remain imperfect: -many risk factors are non-significant -the initial Parsonnet's score has only a moderate predictive value -use of modified Parsonnet's score is too complex and many of its risk factors are subjective or not well defined. Establishment of a new score seems to be necessary. Ideally it has to be as predictive as the modified Parsonnet's score and as objective and simple to use as the initial Parsonnet's score. We have built this new score with these aims (French score, 16) and it will be necessary to assess it with a further multicentre study.also grateful to Mr Letenneur, Prof J.F. Dartigues (Department of epidemiology -Bordeaux University no. 2; (INSERM unit 330) and to Miss M. Collomb ('Baxter' laboratories) and to Mr P. Baini ('Sedia').
Appendix A. Definition of the risk factors
All factors to be collected were defined in an information form sent to each centre (Table 8 ). Below are each of the definitions used for these risk factors.
-Diabetes: patient requiring oral treatment or insulin.
-Hypertension: patient on oral therapy for hypertension, and/or arterial diastolic pressure\95 mmHg measured on two examinations at rest separated by at least a quarter of an hour. -Left ventricular aneurysm which needs a surgical resection. -Catheter laboratory complications: unplanned emergency admission of the patient to the operating room after a complication arising from a catheter laboratory procedure. -Past cardiac operation: any previous cardiac surgery procedure requiring the opening of the pericardium, excluding heart surgery during the current hospitalisation. -Unstable angina: angina at rest, and/or angina following recent myocardial infarction, and/or angina unresponsive to usual medical therapy (need for continuous intravenous nitroglycerine or calcium channel blockers). -Pre-operative ventricular arrhythmia: immediately pre-operative ventricular tachycardia or fibrillation. -Cardiogenic shock: low cardiac output leading to a drop in urine production to less than 10 ml/h, independently of methodology used for diagnosis: echographic findings, measurement of cardiac index, need for an inotropic support, need for an intra-aortic balloon pump. -Myocardial infarction: myocardial infarction with Q waves on electrocardiograms within 48 h prior to cardiac surgery. -Chronic heart failure: chronic or episodic peripheral oedema, pleural effusion, hepatomegaly, etc. Also considered are symptoms at rest according to NYHA classification (functional class IV). -Preoperative intubation: critical preoperative situation requiring intubation and ventilation in the intensive care unit before the arrival of the patient in the operating room. -Severe asthma: asthma requiring chronic bronchodilatators or corticoid therapy -Lower limb arteriopathy: claudication with a walking perimeterB 250 m, and/or previous revascularisation procedure of the lower limbs. -Carotid arterial disease: carotid surgery already planned before, during or after cardiac surgery and/ or carotid occlusion or stenosis more than 50% on one or both arteries. -Abdominal aortic aneurysm: diameter\ 39 mm -Neurological disorder: neurological disorder severely affecting ambulation or day-to-day functioning. -Severe hyperlipidaemia: serum cholesterol \ 3 g/l, and/or serum triglyceride\ 5 g/l. -Anti platelet agent: therapy with anti platelet agents not stopped before the intervention.
Appendix B. Statistical appendix
-Odds ratio: The odds ratio (for mortality) is an estimate of the odds of a patient with a risk factor dying, divided by the odds of a patient without the risk factor dying, with all other risk factors being kept constant. The risk factor is predictive when the odds ratio confidence interval lower limit is\ 1. -ROC curve (receiver operating characteristic curve, [20] ): These graphical techniques are used to assess the accuracy of diagnostic systems. They consist of plotting true positive rates (sensitivity) versus false positive rates (1− specificity) at different cut-off points. The area under the curve is an indicator of the accuracy of the scoring system. A perfect scoring system would have an area under the curve of 1.0, a good accuracy test would have an area between 0.7 and 0.9, and a low accuracy test an area between 0.5 and 0.7. To compare the areas under the ROC curves of the two scores we have used the test proposed by Hanley [4] (comuter.) -Active endocarditis: two or more positive blood cultures without other obvious cause, and/or demonstrated valvular dysfunction of infectious cause within 2 weeks before cardiac surgery. -Chronic pulmonary obstructive disease: chronic pulmonary obstructive disease resulting in functional disability and/or requiring chronic bronchodilator therapy and/or forced expiratory volume less than 75% of predicted.
